of recurrence or progression may affect the birth desires and intentions of women who have been diagnosed with a meningioma because of the possible effects of pregnancy on risk and the added challenges of symptoms and treatment during motherhood. However, delaying or avoiding pregnancy can have a psychological impact on a woman's life. In a recent article, Craig et al. 9 reported that at 39 years of age, 73% of childless women wanted a baby but only 7% would have one. It is likely that, for some women, the possible or perceived risk of meningioma recurrence with pregnancy outweighs the psychological cost of delaying or avoiding pregnancy. Despite multiple studies that have examined risk factors for developing a meningioma, 2, 4, 6, 8, 10, 11, 15, 18, 21, 24, 33 no study has examined women's birth desires and intentions after a meningioma diagnosis.
In addition to the patient's own assessment of risks and benefits of parity after meningioma, a physician may advise against pregnancy despite the patient's desire for children because of the perceived risk of tumor recurrence. Although a few studies have shown a modest correlation between parity and meningioma occurrence, 23, 32 there are currently no data informing the question of whether pregnancy induces meningioma recurrence. However, the general perception of risk may influence reproductive choices in affected women depending, in part, on physicians' knowledge and advice. To our knowledge, no study has examined the role of patient perceptions and physician advice on the reproductive choices of women of childbearing age with a diagnosis of meningioma.
In this exploratory study, we examined the following: 1) whether the diagnosis of meningioma in women of childbearing age affected their birth desires and intentions when compared with women in the general population, 2) whether physicians cautioned against childbearing in these women, 3) whether concerns surrounding the risk of tumor recurrence influenced birth desires and intentions, and 4) what factors were most influential in those reproductive decisions.
methods participants
Respondents were recruited to participate in an online survey through the Meningioma Mommas organization, a not-for-profit online support group and discussion board (http://www.meningiomamommas.org/home) founded in 2003 for women affected by meningioma. Participants were recruited in the two following ways: via a banner advertisement posted on the Meningioma Mommas website that provided access to the survey and via direct email from the organization's founder to the Meningioma Mommas blog members that included a link to the survey. Upon providing consent, each participant completed a screener to ensure that she met the following inclusion criteria: age 18 years or older, current US resident, and currently or previously diagnosed with a meningioma. Respondents (Table 1) were not compensated for participation and could withdraw from the survey at any time by closing the browser. Data were collected from September 20, 2013 , to January 16, 2014 , and all procedures were approved by the University of South Florida Institutional Review Board.
meningioma mommas survey instrument
The Meningioma Mommas Survey (MMS) instrument included the following 6 sections: screener (consent form); meningioma diagnosis and treatment; pregnancy and children; birth desires and intentions; risk of meningioma recurrence; and health, household, and survey experience. Each question required an answer.
The MMS included the birth desires and intentions component of the National Survey of Family Growth (NSFG), which adapts to pregnancy and infertility question responses. 22 Specifically, each participant was asked whether she wants to have a baby. If so, she was asked whether she intends to have a baby and, if so, how many children she intends to have and whether she is sure about this intention (Table 2 ). Furthermore, the survey asked, "Does risk of meningioma recurrence influence any of the following birth desires and intentions? Check all that apply" and "Which factors influenced your birth desires and intentions? Check all that apply" (Tables 3 and 4) . If the participant chose "other," she was directed to an open-text box in which she could enter other influential factors.
To assess risk factors communicated by physicians to their patients, participants were asked, "Has a doctor ever told you that any of the following factors are related to risk of meningioma recurrence? Check all that apply," which was followed by a list of potential risk factors for meningioma 2,7,11,24,31 ( 
National survey of Family growth
Participant characteristics (Table 1) and birth desires and intentions were compared with those from the NSFG, a cross-sectional survey of women and men aged 15- The NSFG included participants from a variety of metropolitan and nonmetropolitan areas across the US who were selected to approximate the 2000 Census population. Interviewers visited housing units from designated geographical areas to determine eligibility (ages 15-44 years). If more than one eligible person lived in the household, the interviewer randomly selected one participant. Unlike an online survey, the NSFG was administered face-toface by trained female interviewers from the University of Michigan's Institute of Social Research, who collected data on a variety of topics, including, marriage, pregnancy, contraception, fertility treatment, and health. 12, 19 
statistical analysis
At a significance level of 0.05, differences in the frequency of categorical responses were tested using chisquare tests, and differences in age and number of children were tested using rank-sum tests. In Table 2 , we present the results of 4 logistic regressions using the combined sample (MMS and NSFG, ages 25-44 years) adjusted for age, race and ethnicity, education, parity, pregnancy status, and infertility status. The null case for each logistic regression was a 35-year-old non-Hispanic white woman who is fertile, is not pregnant, has an undergraduate degree, and has a 5-year-old child. No sampling weights were available to improve the generalizability of the subsets of analytical files.
results
Of the 162 MMS participants who provided consent for study participation, 146 completed the screener, 138 were eligible to continue (2 reported that they were never diagnosed with a meningioma and 6 were outside the US), and 121 completed the survey (17 dropped out). Among the 121 respondents, 79 (65%) were first diagnosed with a lowgrade meningioma, 8 (7%) were diagnosed with an intermediate-grade meningioma, and 34 (28%) were unsure of the tumor grade. Of the 20 respondents who experienced 1 or 2 (14% and 3%, respectively) recurrences, 20 (100%) reported having surgery, and 7 (35%) reported undergoing radiation therapy. Among the 101 (83%) respondents who did not experience recurrence, 66 had only surgery, 5 received only radiation therapy, 8 underwent surgery and radiation therapy, and 22 did not receive surgery or radiation therapy.
Of the 121 respondents who completed the survey, 61 were 25-44 years of age, which was the focus demographic of the analysis. The MMS participants were significantly older, more educated, and more likely to be fertile and had more children than those in the NSFG, and they were predominantly white and non-Hispanic (Table 1) .
Approximately half of the MMS respondents (42%) reported that their physician told them about at least 1 of the 11 risk factors for meningioma recurrence listed in the survey (Table 5) . Although the risk factors were shown in random order, 2 factors were highly prevalent, pregnancy (28%) and prescribed hormones (25%). To a lesser degree, some participants reported radiography of the head (12%) and head trauma (11%) as risk factors. The remaining factors were rarely reported, if at all. Younger participants (ages 25-44 years) were more likely to report at least 1 factor, particularly pregnancy. To put birth desires and intentions of the sample into context, Table 2 compares the responses of younger participants (aged 25-44 years) to those of the general US population (NSFG) adjusted for age, race, ethnicity, education, parity, pregnancy status, and infertility status. Before adjustment, the results showed that a substantial portion of the younger participants (aged 25-44 years) wanted a baby (28 [46%] of 61), and some intended to have one (9 [15%]). After adjustment, the results showed that younger participants were more likely to want a baby (70% vs 54%), to intend to have a baby (27% vs 12%), and to be very sure about their intentions (10% vs 2%) compared with those in the general population, respectively.
As shown in Table 3 , 24% of all MMS participants indicated that the risk of recurrence had influenced their birth desires; the percentage among women aged 25-44 years was higher (43%). When asked about the influence of specific factors, half of the respondents reported "none of the above," and half of them indicated at least 1 of 9 factors listed in the survey (Table 4 ). The most common factor was "risk of meningioma returning and needing more treatment" (36%), followed by "risk of lasting symptoms or impairments" (26%), "fear of dying" (18%), and "medical advice against getting pregnant" (18%).
discussion
This study showed that the majority of women aged 25-44 years with a meningioma diagnosis and sampled from the Meningioma Mommas support group have a strong desire to have a child. With the use of the NSFG population for comparison, the results suggest that, after controlling for age, race and ethnicity, education, parity, pregnancy status, and infertility status, the desire of the MMS participants is stronger than that of the general population. These findings agree with exploratory evidence from cancer survivors, of whom 13% reported that having a previous diagnosis of cancer increased their desire to have a child. 26 There are scant data on whether pregnancy induces the recurrence of meningioma. Whereas epidemiological studies do not support a role of pregnancy in the initial development of meningiomas, patients with preexisting meningiomas may first become symptomatic during pregnancy, although it is unknown whether the pregnancy itself is responsible. Although there have been case reports of meningiomas concurrent with pregnancy, mainly from tertiary referral centers, 5, 16, 17, 25 pregnancy-associated meningioma is rare. Isla et al. 13 recorded 2 cases of symptomatic meningioma in a series of 126,413 pregnancies. An estimated 90% of meningiomas are benign tumors (WHO Grade I), which are associated with a low risk of recurrence. 28 We are not aware of any systematic studies on the relative or absolute risk of recurrence in pregnant women previously diagnosed with meningioma.
Physicians, spouses, friends, and family may influence a woman diagnosed with a meningioma for or against initial or subsequent pregnancy. Nearly half (43%) of the MMS respondents aged 25-44 reported being told by a physician that pregnancy was a risk factor for recurrence, and approximately one-third (31%) reported that "medical advice against pregnancy" influenced their birth desires and intentions. It is also likely that some physicians are not aware of the strength of evidence regarding lifestyle and reproductive factors associated with meningioma recurrence or the general lack of research in this area and, therefore, fail to discuss risk factors with their patients, which makes it more difficult for patients to make informed decisions. One participant reported that "the lack of available information makes the decision to adopt, use a surrogate, or conceive naturally difficult to navigate." According to the American Cancer Society, many physicians advise their patients with breast cancer not to become pregnant until 2 years after treatment, although currently there is a lack of evidence showing that pregnancy increases the risk for recurrence. 1 In a large populationbased descriptive study, women who had previously been diagnosed with breast cancer were less likely to conceive than those in the general population, and those who did were more likely to give birth at a later age.
14 In addition, those women who became pregnant within 2 years after diagnosis were more likely to terminate their pregnancy than those who became pregnant more than 2 years after the diagnosis (47% vs 21%, respectively).
Fear of meningioma recurrence was by far the most common concern affecting family-planning decisions by women of reproductive age in the MMS study. More than half of those aged 25-44 years reported that the risk of recurrence influenced their birth desires and intentions. One participant commented that risk of the next "attack" would not be fair to her new child or husband. Another reported that she and her husband "gave up on his dream of becoming a father after her meningioma recurred." Other participants did not wish to go off their medications (mostly anticonvulsants that could cause birth defects). However, not all women were swayed by a fear of recurrence. One participant reported, "I decided not to let fear about my meningioma determine my family size, and even though my pregnancy might have increased the growth that led to surgery, I would still get pregnant again if I were younger."
The results of this study highlight the complexity of major reproductive decisions after therapy for a hormonepositive tumor. This situation is not limited to meningioma, as several other tumors, such as breast cancer and some types of sarcoma, have hormone receptor expression. A review of the literature indicates that studies to date have not conclusively measured the potential risk of subsequent pregnancy that could impact meningioma recurrence, which leads to uncertainty in the message that doctors convey to patients for real-world decision making.
This study has several limitations. First, the small sample of MMS participants was recruited from an online meningioma support group and may not be representative of the views and experiences of all women who have been diagnosed with a meningioma, including those without internet access. Second, approximately 96% of the respondents were non-Hispanic white women, and the results may not be generalizable to other racial/ethnic groups. However, this study may provide preliminary data for a larger patient-centered outcomes research study to assess whether pregnancy increases the risk of recurrence or symptoms. The results of such a study could be used to educate patients and physicians and to create an interactive decision-making tool for female meningioma survivors of childbearing age.
conclusions
This project underscores the importance of reproductive decisions in younger women with meningioma, an often benign brain tumor but one that can significantly affect quality of life. The great majority of these women can expect long survival after definitive treatment for the tumors, but clear evidence on the possible risks associated with pregnancy is lacking. Physicians are in a position to educate patients on the state of knowledge and to provide information on services such as counseling and family planning to women in this age group who express a desire for children.
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